Introduction
Pseudomyopia and latent hyperopia refer to a typically intermittent and temporary shift of refraction towards myopia (or less hyperopia) due to a transient spasm of the ciliary muscle and resultant inability to rapidly and accurately relax the ciliary muscle and alter shape of the crystalline lens, thus causing an increase in refractive power of the eye. It can be reduced or eliminated with cycloplegia. Spasms of accommodation are found in children and young adults who have over-active accommodation, and it typically occurs after a period of sustained near work. For example, in the Tehran Eye Study, Fotouhi et al. reported the difference between cycloplegic and non-cycloplegic refraction (DSE) of up to 0.71D and 0.40D in 5-10 year old children and in 16-20 year old teenagers and young adults, respectively. 1 Recently, Mimouni et al. reported that this difference was 0.68D in 18-21 year old young adults, and furthermore that hyperopic young adults had a greater difference than myopic ones (1.30D vs. 0.46D). 2 According to the Chinese Medical Association of Ophthalmology, Division of Refraction, myopia can be classified into three subgroups after atropine-induced cycloplegia is performed: (1) pseudomyopia: the "apparent" myopia that disappears with atropine-induced cycloplegia, and with the eyes now exhibiting either emmetropia or hyperopia; (2) mixed myopia: the "apparent myopia" that does not disappear but is reduced with atropine-induced cycloplegia by 0.50D or more; and (3) true myopia: the myopia that does not disappear with atropine-induced cycloplegia, and thus is reduced by less than -0.50D. 3 Hu summarised the myopia surveys on Chinese children and found that pseudomyopia and mixed myopia presented in approximately 10% and 50% of the myopic school children, which when combined suggested accommodative factors present in approximately 60% of the sample. 4 Lastly, in a longitudinal study, Mei and Rong reported that 59.4% of the recent-onset myopia had true myopia, followed by pseudomyopia (36%). 5 The exact mechanism between excessive accommodation and myopia progression is not clear, and some controversy abounds. Myopia progression by some has been speculated to be caused by spasm of the ciliary muscle and inability to accurately relax the ciliary muscle and alter the crystalline lens, with subsequent myopic defocus occurring at the retina. 6, 7 The possible link between myopic retinal defocus and myopia progression has been supported by several studies showing the association between refractive undercorrection and myopia progression in myopic children. [8] [9] [10] [11] [12] Furthermore, treatment is directed at preventing or retarding the myopic progression. Several randomised controlled trials (RCTs) have found that the use of atropine had a positive effect in controlling myopic progression, [13] [14] [15] [16] and related axial length growth 15, 16 as compared to the control group; and, the higher the concentration of atropine, the stronger the effect. [13] [14] [15] [16] However, higher concentrations of atropine produce a larger rebound effect for both myopic progression and axial length growth. 17, 18 Hence, excessive accommodation, which would cause increased myopic retinal defocus, is thought by some to be associated with myopia and/or its progression. However, studies on excessive accommodation are rare, especially dealing with the longitudinal observation of its effect on myopia progression. 5 Hence, the present study reports the natural change of excessive accommodation (as measured by the difference between cycloplegic and non-cycloplegic autorefraction), and its association with progression of refractive error, in school children derived from the Beijing Myopia Progression Study (BMPS).
Methods

Subjects
The study design, procedures, and baseline characteristics of BMPS have been reported elsewhere. 7 Briefly, children (aged 6-17 years old) from primary (8.4 ± 1.1 years) and secondary (14.2 ± 1.6 years) schools in Beijing were recruited from July to September 2010. The inclusion criteria were: (1) best-corrected visual acuity (with children's own spectacles when worn) of 0.1 LogMAR or better; and (2) willingness to cooperate and return for scheduled annual visits. The exclusion criteria were: (1) presence of amblyopia and/or strabismus; (2) history of intraocular surgery or penetrating ocular trauma; and (3) serious medical/ocular health problems. The enrolled children were invited to be re-examined at the clinic centre at a similar time of the year in 2011, 2012, and 2013. The vision examinations of the children included visual acuity, ocular biometry, cycloplegic refraction, and a detailed myopia-related questionnaire. The parents of these children were also invited to have a similar vision examination and respond to a questionnaire regarding their children at baseline.
The study followed the tenets of the Declaration of Helsinki and was approved by the Beijing Tongren Hospital Ethics Committee. All participants (children and their parents) signed written informed assent/consent.
A total of 386 children with a completed vision examination and myopia questionnaire at baseline in the year 2010 were requested to be re-examined in the years 2011, 2012, and 2013. Of the original children, 241 (62%) were re-examined at the final follow-up in 2013. Twenty-two of these children were excluded, as there was either lack of refractive data at the follow-up, or they had received orthokeratology after the baseline vision examination. Hence, 219 children (57%), including 107 boys (49%) and 115 (51%) girls, were enrolled in the present study and used in the related analyses.
Refractive error
All children received a non-cycloplegic and cycloplegic autorefraction (Accuref-K9001, Shin
Nippon, www.shin-nippon.jp/products/ack9001/index.html) at each vision examination, whereas the parents received a non-cycloplegic autorefraction (Accuref-K9001) only at the baseline vision examination. Three drops of cyclopentolate 1% (Cyclogyl, Alcon) were instilled in each eye approximately 10-minutes apart. Cycloplegic autorefraction was performed 30 minutes after the last drop was instilled. Three readings were obtained in each eye and averaged in all participants. At the end of the each examination, for children whose habitual best-corrected visual acuity was worse than 0.1 LogMAR, they were prescribed spectacles initially based on the cycloplegic autorefraction, with subsequent subjective refinement (maximum plus to maximum visual acuity including Jackson cross-cylinder).
Daily activity
A detailed questionnaire to obtain information regarding the children's daily activity, living environment, parental education, et cetera, was surveyed by children and their parents at baseline.
The average hours spent on near work activity were summarised from the questionnaire regarding drawing, homework, reading, and handheld computer use. Time spent on outdoor activities (including outdoor sports and outdoor leisure) was based on questions about playing outdoors, family picnics and barbeques, bicycle riding, hiking, and outdoor sports. 19 
Definitions
The spherical equivalent (SE) of the right and left eyes was highly correlated (Pearson correlation coefficient of the SE was 0.95, 0.96, and 0.93 for children, fathers, and mothers at baseline, respectively). Therefore, for simplicity, only data from the right eyes were used. The difference between cycloplegic and non-cycloplegic autorefraction SE (DSE) was analysed as a continuous variable and as a discrete classified variable. The refractive change was defined as the cycloplegic SE at the final follow-up minus the cycloplegic SE at baseline. The mean annual refractive change was defined as the total refraction change divided by three (averaged over the three-year period of 2010 to 2013). Myopia, emmetropia, and hyperopia were defined as SE < -0.5 dioptres (D), -0.5D ≤ SE ≤0.5D, and SE > 0.5D, respectively. 20 Low myopia, moderate myopia, and high myopia were defined as -3.0D ≤ SE < -0.5 D, -5.0D ≤ SE <-3.0D, and SE <-5.0D, respectively.
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Data analysis
The normally distributed parameters were presented as the mean ± standard deviation. Student ttests and chi-square tests were performed for comparison of the normally continuous data and the discrete categorised data, respectively. General linear models (GLMs) were used to assess the relationship between the excessive accommodation and its putative factors, as well as the relationship between refractive change and the DSE. Variance inflation factors of the putative factors in the linear models were also presented. Furthermore, logistic regressions were performed using
GLMs to explore the associations between myopic onset and the putative risk factors. The relative risk (RR) and 95% confidence interval (CI) were presented. The baseline parameters of the children's age, children's cycloplegic SE, and parental non-cycloplegic SE were used in the statistical analysis. All statistical analyses were performed with Statistical Analysis System for Windows version 9.1.3 (SAS Inc., Cary, NC).A P-value of <0.05was considered statistically significant.
Results
The mean baseline age of the enrolled 219 children was 10. These accounted for 8% and 13% of all children, and 12% and 19% of the myopic children (pseudo, mixed, and true myopia). The pseudomyopia and mixed myopia tended to decrease, while the true myopia tended to increase, from baseline to the last follow-up examination (Figure1a). Since both the mixed myopia and true myopia were similar (both non-cycloplegic and cycloplegic refraction were myopic), these children were combined and presented in Figure 1b .
Putative factors associated with DSE
The overall DSE reduced from 0.51 ± 0.72 D at baseline to 0.19 ± 0.43 D in the third year followup (p=0.01). In the multivariate regression analysis with the children's baseline DSE as the dependent variable, and the children's age, gender, baseline refraction, paternal refraction, maternal refraction, near work time, and time outdoors as the independent variables, only the parameter of baseline cycloplegic refraction (β=0.193, p<0.001) was significantly related to the DSE ( Table   2) .The DSE was then further divided as a function of refractive status into hyperopia (n=40), emmetropia (n=35), low myopia (n=87), moderate myopia (n=33), and high myopia (n=15). See Table 3 . The DSE was consistently and significantly higher among the hyperopic children as compared to either the emmetropic or myopic children at baseline and in the follow-up assessments (all p<0.001). Furthermore, except for the high myopia group, the DSE consistently and significantly decreased from baseline at the follow-up assessments among the different refractive groups (all p<0.05).
DSE and progression of refractive error
In another multivariate regression analysis performed on all of the children, with the children's three-year refractive change (from baseline to the third year follow-up) as the dependent variable, and the children's age, gender, baseline DSE, baseline refraction, paternal refraction, maternal refraction, time spent on near work, and outdoors as the independent variables, children who were Table 5) .
Discussion
Pseudomyopia has been defined as the "apparent" myopic disappearance following cycloplegia.
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Mei and Rong suggested that pseudomyopia was a transient first stage towards permanent myopia. 5 However, this transient situation is not easily observed clinically. According to this definition, pseudomyopia accounted for less than10% in all children, and less than 20% in the myopic students in this study.
In the present study, there are two interesting and important findings. First, the DSE was associated with the children's refraction, i.e., the more hyperopic refraction, the more the DSE.
Furthermore, after divided into different refractive groups, the hyperopic children consistently exhibited greater DSE than either the emmetropic or myopic children at each vision examination. This is consistent with previous findings in Chinese children. For example, Rao reported that 93%
and 2% of the pseudomyopes were hyperopes and emmetropes in Chinese preschool children, respectively. 21 Hu reported that accommodative factors were present in 81%, 54%, and 32% of school children with myopic refraction of-0.50D ~ -1.50D, -1.75D ~ -2.75D, and more than -3.0D, respectively. 4 Mimouni et al. also reported the difference between cycloplegic and non-cycloplegic refraction was greater in hyperopic young adults than myopic ones (1.30D vs. 0.46D). 2 Although refractive correction was prescribed at the end of the each vision examination, most of the hyperopic children had not worn the prescription, since there were only four children with hyperopic refraction more than 3 dioptres at baseline. Hence, the current finding is expected, since uncorrected hyperopes require more accommodation when focusing at both distant and near targets as compared to either emmetropes or myopes. Although the present data show that the DSE decreased as the child's age increased, this could be due to a decrease of the hyperopic refraction rather than be directly associated with the children's age per se.
Pseudomyopia is due to an intermittent spasm of the ciliary muscle, 22 classically thought to be due to an overactive or excessive accommodative response that primarily occurs after sustained near work in children and young adults. Several longitudinal studies have supported the role of near work and myopic progression. [23] [24] [25] [26] [27] [28] [29] In the present sample, it was also found that children who spent more time performing near work were associated with greater myopic progression. 29 However, and somewhat unexpectedly, the DSE was not found to be associated with the amount of near work time in this sample. However, we believe this may not necessarily exclude the association between near work and excessive accommodation. First, this may be due to recall bias on activity hours, since a questionnaire was used to collect the data, and help was sought from the children's parent(s) for very young children who could not read or understand the questionnaire very well. Second, the activity hours in this study were only the average daily hours, and more detailed information, such as the distribution and intervals of the activity, was not obtained. Third, the individual susceptibility to near work may be different. After a period of sustained near work, the refractive state of most human eyes will exhibit a transient myopic shift, i.e., near work induced transient myopia (NITM). 6, 7 NITM was found to be larger and required more time to dissipate in myopes than in either emmetropes or hyperopes in Chinese school children. 7 Furthermore, NITM is additive, i.e., there is increased magnitude and dissipation time as near work time increases without interruption. 30, 31 Hence, NITM, a transient reaction of the ciliary muscle to near work (average 0.16D and 50 seconds in myopes) 7 could show differential susceptibility to near work. Lastly, the lack of variation with amount of near work time may reflect a saturation phenomenon. Hence, we conclude that the DSE may also have differential sensitivity to near work.
Second, the most important finding was that greater DSE was associated with myopia progression among myopic school children. In this sample, after considering the possible effects of the putative risk factors for myopic progression, for each dioptre increase in the DSE, the myopia progression increased by approximately 0.135D/year among these myopic children. The mechanism for larger DSE being associated with more myopic progression in myopic children remains unclear. Excessive accommodation would cause myopic retinal defocus. The association between myopic retinal defocus and myopia progression has been supported by several clinical studies and also systematic review on refractive undercorrection in myopic children. 0.26 mm/year) than children with fullcorrection. 34 Thus, the findings are equivocal, and warrant a further large-scale investigation.
Other evidence for the association of excessive accommodation and myopic progression involves the topical use of atropine for control of the myopic progression in myopia children. [14] [15] [16] Several randomised, controlled trials have demonstrated that the use of atropine significantly reduced myopia progression and retarded axial length growth. Furthermore, this effect of atropine was dose-related. 14, 16 Unfortunately, it also exhibits abound effect after its cessation. 17, 18 Although a biochemical effect on the retina and sclera is thought to be involved in controlling myopic progression using atropine, [35] [36] [37] one must exercise caution translating the animal studies into the human context. Even if it does, the adverse and long-term effect on accommodation remains to be determined.
There were some limitations in the present study. First, a relatively large proportion of children was unavailable in the final follow-up, and the children enrolled for the final analysis tended to be less myopic than those lost to follow-up. In addition, due to a relatively small sample size of the nonmyopic children, this may account for the lack of association found regarding the DSE in these children. Hence, further studies with a larger sample, especially non-myopic children, are warranted.
Second, this hospital-based study tended to enrol children with more myopic refraction at baseline, as their parents presumably paid more attention to their child's visual and ocular health. As a result, extrapolation/generalisation of the conclusion is limited at a certain extent. Hence, school-based and population-based longitudinal studies with a larger sample size are warranted. Third, the amount of DSE may be underestimated, since cyclopentolate was reported to result in a cycloplegic refraction approximately 0.77D more myopic than atropine in Japanese children older than seven years. 38 Finally, the amount of the DSE may be dependent on the autorefractor used and linked to proximal accommodation.
In summary, in this sample, Chinese school children with larger hyperopic refraction exhibited greater DSE. Most importantly, myopic children with a greater DSE exhibited more myopic progression. 
